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CROSS-REFERENCE TO RELATED APPLICATIONS 



[0001] Not Applicable. 

STATEMENTS REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable. 

REFERENCE TO A MICROFICHE APPENDIX 
[0003] Not Applicable. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0004] The present invention relates to color monitors and displays, and more particularly the 
present invention relates to calibrating and standardizing the output of a color display device. 

2. Description of the Related Art 

[0005] The currently accepted method of characterizing the input-output of an analog RGB 
color CRT monitor is to assume that the input voltage to the monitor is related to the output 
brightness of the monitor by a "gamma" function. The gamma function is utilized to define 
the relationship between the input voltage and the output brightness of the monitor. The 
brightness of the monitor should be equal to a constant multiplied by the input voltage raised 
to the power of gamma. Gamma is a rational number between zero and infinity which is 
provided by a monitor's manufacturer and is based on measurements made by the 
manufacturer. Via experimental observation, it has been determined that the gamma 
function, though the standard in the industry, is inaccurate. The gamma function can provide 
an error that can exceed 4 foot-lamberts over the full brightness range of the monitor; the 
ganrnia number is generally an estimation by the CRT's manufacturer based on empirical 
measurements on a specific monitor and then averaged or generalized for all similar 
monitors. 

[0006] Furthermore, color monitors generally generate a color picture via a brightness 
mixture of red, green and blue. Since red, green and blue are generated by separate circuits. 
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the gamma function for each should be different. To date, only a single gamma is used for all 
three colors. 

[0007] The importance of accurate color is becoming of paramount importance in the 
computer monitor industry. The need for and importance of accurate color has come about, 
to some degree, due to the increased amount of commerce taking place on the World Wide 
Web or hitemet. For example, an Internet site might sell clothing. The site owner would like 
the correct color of the clothing to be displayed on the viewer's monitor so that the viewer 
will have better confidence when bu>^ng the product. At present, the gamma function will 
not necessarily allow the potential buyer to view the correct color of the clothing. This is a 
significant problem in the area of standardizing the color in a color display device. 

[0008] Thus, there is a need for a method of providing a color monitor or color display 
device the ability to correctly and accurately display the color(s) that should be displayed. 
Furthermore, there is a need for providing a color monitor that utilizes more than the single 
gamma number in order to predict and provide a brightness output that is characterized by a 
standardized signal input-brightness output characteristic. Furthermore, what is needed is a 
method and apparatus for characterizing each color channel of a color monitor separately in 
order to enhance color fidelity of a color display device. Also, there is a need for a color 
display device that stores its own input-to-output brightness characteristics. 

BRIEF SUMMARY OF THE INVENTION 

[0009] An exemplary embodiment of the present invention may comprise a photometer and 
video pattern generator that are interfaced to a computer system. The computer system may 
be equipped with a means to write to a non-volatile memory within a color display device. A 
color display device is tested by placing the photometer in front of the display device under 
test. The computer controls the pattern generator so as to drive the display with incremental 
input signals corresponding to an output display color. For each incremental input from the 
pattern generator, the photometer measures the actual brightness output of the color on the 
color display device and provides the measurement to the computer for storage in a memory 
device. This is done for each color; red, green and blue, from a maximum brightness to a 
minimum brightness. After recording all the input signal-to-brightness information for each 
color, the computer computes coefficients for a third order polynomial for each color channel 
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that best rqjresents the correlation between the incremental inputs and the resulting 
brightness measurements for each color. In effect, a transfer function is created describing the 
signal-input-to-brightness-output characteristics for each color. The transfer function can be a 
third order polynomial equation. The computed coefficients for the third order polynomial for 
each color (12 coefficients, 4 for each color red, green and blue) can then be provided to and 
stored in a non- volatile memory within the display device. The coefficients can then be 
utilized by display driver circuitry within a computer to which the tested display device is 
connected. The display driver can utilize the coefficients to help provide an accurate high 
color fidelity, standardized picture on the monitor. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0010] Various objects and advantages of this invention will become apparent and more 
readily appreciated from the following description of the presently preferred exemplary 
embodiments, taken in conjunction with the accompanying drawings, of which: 

FIGURE 1 depicts an exemplary color monitor with an exemplary pixel pattern on the 

screen; 

FIGURE 2 depicts an exemplary method and apparatus for generating a transfer 
function that represents the input-output characteristics of a color monitor; and 

FIGURE 3 depicts a computer system that utilizes transfer function data which is 
stored in a color display monitor. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] An exemplary embodiment of the present invention prescribes a method for 
establishing a transfer function, and preferably, a third order polynomial that describes a 
relationship between an input to a color monitor and the resulting color brightness of the 
monitor for each color red, green and blue. In essence, a polynomial representation of the 
input-output characteristics of a color display device is established. 

[0012] Refening to FIGURE 1, a CRT 10 is depicted. It is noted that this method can be used 
for substantially any display device. Such display devices include, but are not limited to, 
color display devices, VGA flat panel NCDs or SPVs, LCD, reflective LCD, and FED 
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display devices. Regardless, of the type of color display device 0, a video signal (or its 
equivalent) is inputted into the color display device (CDD) 10 and a pattern is outputted on 
the CDD's screen. A grid or plurality of pixels 12 make up the displayed pattern. A pixel is a 
picture element or an addressable element within the displayed image on the CDD's screen. 

[0013] To simplify, a single pixel 14 can be addressed or illuminated as a result of an input to 
the CDD 10. The pixel may represent red, blue, or green, or another color used as a pixel on 
the CDD. 

[0014] Again, a pixel is essentially an element of a CDD's picture. A CDD*s screen is 
substantially a grid of pixels to some extent. Focusing, for a moment on a single pixel 14 in 
an exemplary CDD 10, it is desirable to determine an accurate transfer function that describes 
the relationship between a voltage input to the CDD 10 and a resulting brightness of the pixel 
14. 

[0015] The present exemplary method of representing the brightness output of a CDD pixel 
14 at any given voltage level input, via a signal generator 16, is provided as a polynomial 
expression. A polynomial expression is chosen because it can provide a more accurate 
transfer function than the prior art gamma function technique. 

[0016] In the preferred method and apparatus of the present invention, a third order 
polynomial transfer function is utilized. It is understood that a second order or higher 
polynomial could be used depending on how precise a transfer function is required. After 
various tests, it was established in the lab that a third order polynomial can be utilized to 
provide a transfer function with an accuracy of better than 0.3 foot-lamberts over the full 
range of brightness. This accuracy is not significantly noticeable to the human eye. It is noted 
that use of the prior art gamma function can generally have an inaccuracy of 3 or more foot 
lamberts which is easily noticed by the human eye. 

[0017] To calculate the third order polynomial a least squares technique, which is a well 
known mathematical technique, is preferably utilized. The third order polynomial transfer 
function utilized in the present invention and method provides approximately a ten fold 
increase in accuracy over the prior art gamma function. 
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[0018] The signal generator 16 provides a video signal or other required input signal to the 
CDD 10 and a visible output pattern is provided on the screen 12 of the CDD. The pattern 
may include one or more pixels 14 and preferably is in a single color such as red, blue or 
green. In order to establish a polynomial transfer function, one must look at the brightness of 
the pixel 14 as a function of the video signal (the input signal). In other words the pixel 14 
has a brightness B which is related to an input voltage V. B=/(V). The brightness B of the 
pixel 14 must be known to be when the input voltage to the CDD 10 changes. To make the 
relationship between B brightness and V voltage a third order polynomial relationship the 
equation 

is utilized. The voltage input is systematically changed from a minimum voltage input to a 
maximum voltage input in an incremental fashion. Thus, mathematically the voltage is 
incrementally applied from the signal generator 16 to the CDD 10: 

V —> Vmin to Vmax incrcmcnts of A such 

that V} = Vmin and Vmax = Vn 
n n—\ 

The resulting brightness B for each voltage increment will be: 

Bi, 32, Bs . . -Bi^ for Vmi„ to V^a.. 

wherein Bt is the minimum output brightness; Bn is the maximum output brightness, Bn \ is 
equal to the brightness differential between each brightness increment. 

[0019] Input voltage Vn is applied for each voltage increment between Vmin and Vmax and the 
resulting Bn is measured via, for example, a photometer 18. Bn is represented as a brightness 
measurement output of the photometer 18. The unit of measurement for brightness is 
preferably foot lamberts. 
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[0020] The increment (A) for the voltage can be, for example, .5 volts or any reasonable 
voltage increment that provides a good sampling of voltage inputs to brightness outputs. 
Thus, input/output data can be established. 
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V, ^ B, 
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This can be rewritten as a plurality of polynomial equations and, in particular, a plurality of 
third order polynomial equations: 



Each Bn and Vn are known quantities and thus, the polynomial only needs to be solved for as, 
a2, ai and ao- Furthermore, it is understood that generally the increments between each Bn are 
not equal or necessarily linear. The equation has only four unknowns (33, a2, ai and ao) and 
the process of creating the equations will produce many more than four equations thereby 
making this an over determined system. An over determined system can produce, 
mathematically, very accurate values for the coefficients aa, a2, ai and ao. 

[0021] The plurality of equations can be solved a variety of ways using a variety of 
techniques known to those having ordinary skill in the art. One technique is to use matrix 
techniques to solve for the coefficients 33, az, a\ and ao- 



B, =a3V,' + a.V, + a^ 

B2 = a^V^ + a^V^ + ^1^2 + 



0 



Bpu, =a3V„' +a,V„' +a,V„ +a„ 
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(0022) Once the equation is solved for the coefficients 33, 32, ai and ao, then a sufficiently 
accurate transfer function is established which can predict a brightness B for any input 
voltage V applied to the CDD 10. The brightness has been empirically determined to be 
accurate to within approximately ±0.3 foot-lamberts if a third order polynomial is utilized. 

[0023 J The above method can be repeated for each color red, blue and green thereby 
providing four coefficients 33, a2, ai and ao for each color, totaling 12 coefficients in all. That 
is, four coefficients for red, four for green, and four for blue. Theoretically, one could average 
or compress each set of four numbers and only have three numbers (one number for each red, 
green and blue). Also one could average all the aos to produce a single Ao for red, green, and 
blue. Then similarly average all the ais and a2S and 338 to produce only four coefficient 
numbers for each transfer function. The a© coefficient could be dropped and not used when it 
is an insignificant number. It is understood that any compressing, averaging or deletion of the 
resulting coefficient numbers will generally decrease the accuracy of the transfer function 
over the full range Vmin to V 

max- 

[00241 It is further understood that fourth, fifth or higher degree polynomials could be 
utilized to establish a transfer function relationship between an input to a CDD and the 
resulting output brightness of each color. The transfer flinction will have a larger number of 
coefficients and may provide a high level of accuracy. The accuracy may be misleading or 
insignificant depending on various variables such as test equipment accuracy, standardized 
CDD electronic components, the number of incremental samples, taken between Vmm and 
Vmax just to name a few. 

[0025] By utilizing the transfer fiinction coefficients established for each CDD 10, then each 
CDD can be standardized to produce a predictable color brightness. That is, if it is known 
what voltage is required to produce a predetermined color brightness for any color or 
combinafion of colors to within approximately ± 0.3 foot-lamberts on each color display 
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device, then all color display devices can be significantly standardized to produce 
substantially similar pictures. 

[0026] This is an important advancement in color display technology particularly in the area 
of advertising on the internet. A manufacturer may produce a web site to sell products, for 
example, clothing, wall paper, tile, paint, fabric, pictures, or other manufactured items. The 
color of the products may be very important to the buyer. Thus, it would be advantageous to 
the seller and buyer to know that the color represented on the computer screen is substantially 
and accurately the same color as to actual product. 

[0027] In order to provide CDDs that are capable of providing standardized color, the voltage 
to brightness transfer function of each CDD must be determined at the time the CDD is 
manufactured. It is understood that the voltage-to-brightness transfer function coefficients are 
not necessarily the same for each different CDDs even if the CDDs are electronically 
identical or manufactured next to each other on an assembly line. It is important that the 
transfer function coefficients be established for each monitor or CDD. 

[0028] Referring to FIGURE 3, it would be further advantageous for each CDD or monitor 
300 to carry a "description of itself that includes the transfer function coefficients for that 
CDD in a data storage device 302. The coefficients could be downloaded to a personal 
computer 304 (laptop computer, general purpose computer) when the CDD 300 is connected 
thereto, in order to provide the computer's video driver 306 the coefficients to standardize the 
brightness output of the CDD. 

[0029] Referring now to FIGURE 2, a production method and apparatus for determining the 
transfer function coefficients of a CDD is shown. A monitor 200 is sitting on a production 
line and comes to a place on the production line wherein testing of the monitor 200 takes 
place. The monitor 200 is connected to power and allowed to warm up. The monitor 200 is 
also connected to a VGA connector 202, It is understood that a specific type of connector is 
not required, the CDD need only be connected to a means for providing a display signal to 
the CDD. The VGA connector is connected to a signal generator circuit 204. The signal 
generator 204 receives an input from a control system 206 which could be, for example, a 
dedicated CPU or general purpose computer. 
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[0030) A photometer 208, or other device for measuring color brightness, is focused to 
receive input from a predetermined location(s) on the monitor screen 210. The photometer 
208 provides a brightness measurement input to the control system 206. 

[0031] The control system 206 controls the signal generator to provide incremental voltage or 
video color (V) steps ranging from a Vmjn to a V^ax for one of the output colors (red, green or 
blue). The signal generator 204 provides a pattern and voltage level for the color to the 
monitor 200 via the VGA connector 202. The resulting pattern 212 displayed on the monitor 
screen 210 could be a red dot or square comprising a plurality of pixel locations. As the 
voltage input controlling the pattern is incrementally changed from Vmin to V^ax or vice versa, 
the brightness of the resulting pattern 212 is measured incrementally by the photometer 208. 
It is understood that the pattern 212 need only be a pattem large enough to be discerned and 
focused on by the photometer. The patterns shape is not substantially significant. 
Furthermore, the pattem could be positioned at one or various locations on the screen 210. 

[0032] As the voltage input increments, it may stop at each increment and wait for the 
photometer to read the pattern's brightness. The brightness is then recorded by the control 
system in conjunction with the voltage that caused the brightness. In essence, a set of ordered 
pairs is generated as data which correlates the voltage required to produce a specific 
brightness of the specified color. After the voltage to brightness correlation data for a color is 
recorded, then voltage to brightness correlation data is obtained for the other predetermined 
colors. It is further understood that the colors do not have to be limited to the red, green, and 
blue, but could be combinations of each or whatever the basic colors that are combined to 
create other colors are for the specific CDD. It is further understood that more than one color 
can be displayed on the screen 210 and be recorded by a plurality of photometers at the same 
time. 

[0033] After the control system 206 systematically steps through each voltage, measures the 
corresponding brightness, and stores the data, it rapidly progresses through the linear algebra 
equations and solves for the coefficients of the polynomial equations discussed above. 
Coefficients for a transfer function of each measured color are computed. For example, red, 
green and blue will each have four coefficients if the control system is solving third order 
polynomial equations for each color. 
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10034] The control system 206 then writes the coefficients which are used in the voltage to 
brightness transfer function to the monitor via the VGA connector. In the exemplary method 
and apparatus the coefficients are stored in the DDC memory 214 located within the color 
display device. 

[0035] DDC memory is not specifically required. The coefficients can be stored in any non- 
volatile memory or data storage device 214 associated with the monitor 200. The importance 
is that the coefficients are stored in a memory device associated 214 with the monitor 200 so 
that the coefficients can be read at a later time and provided to the video driver circuitry or 
software that provides display signals to the monitor 200. 

[0036] The monitor 200 is disconnected from the VGA connector 202 and moves down the 
assembly line with its display characterizing information stored in the DDC memory 214. 
The next monitor on the assembly line is then moved into position to be tested and measured 
to determine its voltage to brightness transfer function coefficients. 

[0037] As a result of the present system and method for measuring and storing voltage to 
brightness transfer function coefficients in each monitor or CDD as it is manufactured, each 
monitor can provide its transfer fimction information to the computer system it is eventually 
connected to and thereby provide a standardized voltage to brightness compensation. The 
result being that every monitor will provide a color picture that looks the same as any other 
monitor equipped with transfer function coefficients that are utilized by a video driver. The 
input voltage to the monitor can be modified by the video driver circuitry of the attached 
computer to provide the standardized color brightness, hi essence the video driver can modify 
its output in accordance with the stored coefficients so that the video input to the monitor will 
result in a standardized color and color brightness output. 

[0038] Although a preferred embodiment of the method and apparatus of the present 
invention has been illustrated in the accompanying Drawings and described in the foregoing 
Detailed Description, it will be understood that the invention is not limited to the embodiment 
disclosed, but is capable of numerous rearrangements, modifications and substitutions 
without departing from the spirit of the invention as set forth and defined by the following 
claims. 
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